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Abstract

should be adopted during this pandemic.

Background: The COVID-19 outbreak is a global pandemic, during which the community preventive and
protective behaviors play a crucial role in the containment and control of infection. This study was designed to
contribute to the existing knowledge on how risk communication (RC) and risk perception (RP) affect protective
and preventive behaviors (PPB) during the COVID-19 outbreak.

Methods: The required data were extracted from a national online survey of Iranian adults aged 15 and older
during March 15-19, 2020 (n=3213). Data analysis was performed using structural equation modeling.

Results: The study findings reveal that RC has direct and indirect positive effects on PB. Furthermore, this study also
provides new evidence indicating that RP mediates the relationship between RC and PB and there is a two-way
relationship between RC and RP. These interactions may have impact on risk communication strategies which

Conclusion: The study findings have remarkable implications for informing future communications as well as
interventions during this ongoing outbreak and subsequent national risk events.

Keywords: SARS-CoV?2, Risk perception, Risk communication, Behaviors, Protective measures, Preventive measures

Background

The new coronavirus (COVID-19) is officially a pan-
demic [1]. In spite of strict universal control and quaran-
tine attempts, the outspread of COVID-19 is
continuously rising [2]. This pandemic is affecting all
sectors of societies, even for those who were not affected
by the virus directly [3]. Given the multilateral effects of
COVID-19 and its alarming consequences, social
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concern has become a very complicated issue. Accord-
ingly, an effective risk communication is essential not
only to limit its morbidity and mortality but also to
minimize the damages posed on the national economies
and public health infrastructure [4]. This fact is promin-
ent in Iran as a country with the ever-highest politically-
induced sanctions [5].

According to the CDC’s manual of crisis and emer-
gency risk communication (CERC), non-pharmaceutical
measures, like quarantine, would be an extreme public
health scenario once an episode of a severe communic-
able disease occurs [6]. Iran as the hardest-hit country in
the Middle East, is struggling its third wave of the
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COVID-19 epidemic [7, 8]. The virus began to spread
on February 19 and it had gotten a high mortality rate
and lead to 1,158,384 confirmed cases and 53,625 deaths
in December 2020 [9]. At the commencement of the
outbreak, the country immediately delivered some mea-
sures to prevent spread of the COVID-19 such as closing
all educational as well as recreational centers and non-
emergency retailers. Unfortunately, these measures did
not well stop spreading the virus. So, numerous lock-
downs and stricter restrictions were imposed [8, 10].

As the COVID-19 pandemic has been challenging
public health systems, and their capability to communi-
cation with the population effectively to do the best col-
lective action [11], scholars and experts have to realize
the multidimensional characteristic of risk communica-
tion (RC) and risk perception (RP) to promote commu-
nity engagement in recommended behaviors and
adherence to non-pharmaceutical measures as one of
the most important policies and strategies to control the
infection [12]. Unfortunately, no effort has been made in
this field in Iran so far. However, in the previous large
outbreaks, some theoretical models have been developed
to explain how people perceive risks, process risk infor-
mation, and adopt measures to minimize or prevent
risks [13].

Since Iran like many countries around the world are
experiencing the epidemic for the first time, in some
case after a long time, and it is unknown that how long
will the COVID-19 outbreak be with man, hence, the
first hope of any government is the community engage-
ment to promote and institutionalize non-
pharmaceutical measures in order to decrease the nega-
tive impacts of epidemics on the both health and econ-
omy of societies. It is quite clear that when individuals
accept such measures, they would more keen to follow
and support the social regulations and uphold the re-
quirements [6]. Many people around the world do not
follow recommended behaviors such as physical distan-
cing and this is exactly the reason why makes it difficult
to control the spread of COVID-19 and shows the im-
portance of risk communication.

Accordingly, the present research was designed to
contribute to the prior research with the use of a unified
procedure to explore the way through which RP medi-
ates the relationship between RC and protective/prevent-
ive behaviors, and how RC and RP individually affect
protective/preventive behaviors during the COVID-19
outbreak. To build the research structure, Health Belief
Model (HBM) was employed as an overarching theoret-
ical framework. This paper contributes to the literature
via some ways. First, many of the previous researches in
this field were done in post epidemics era to investigate
the impact of RC on individuals’ perceptions of a risk
following a disease outbreak [14, 15], while the present
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study was carried out in a real-time context of COVID-
19 outbreak. Second, the scope of current study be
broadened beyond the current focus on the one-way re-
lationship between RC and RP in the context of emer-
gency and outbreak situations [16, 17], and the
disregarded two-way relationship be further explored
[18].

Theoretical background

Health belief model (HBM)

There are some theories such as the Health Belief Model
(HBM), Theory of Planned Behavior (TPB), as well as
Protective Motivation Theory (PMT) providing explana-
tory models of individuals’ reactions to threats to their
health. From the beginning of the 1950s, the HBM has
had extensive applications as a conceptual framework in
health behavior studies, to provide explanations on the
changes and continuance of health-associated behaviors
and also guide the health behavior interventions [19].
During the last two decades, the HBM has experienced
more expansion in comparison with other frameworks,
and it consists of evaluations on the perceptions of how
susceptible individuals are to diseases and how severe a
disease may be. It also considers the perceived advan-
tages as well as costs of preventive health measures
along with the cues to practice [20]. Specifically, this
study is grounded on this theory to explain the relation-
ship of risk perception and protective/preventive behav-
iors. Given the research questions, this theory would
help us to develop conceptual model.

Risk communication model

However, the general model of risk communication has
evolved with increasing number of studies on risk com-
munication during several years. Based on such a model,
individuals perform the following actions during the risk
communication process: (1) receive a warning message;
(2) figure out the related content; (3) accept or believe
the importance of the message included in it; (4) estab-
lish the truth of their interpretations with other people;
and (5) take actions or measures regarding the message
to save their lives and properties [21].

The level and type of risk communication is subject to
the complexity of such a risk and the level of potential
risk as well as risk perception [22]. Lundgren and
McMakin (2018) has characterized three forms of risk
communication as follows:

“Care communication is risk communication about
health and safety risks, risks for which the danger and
the way to manage it have already been well-determined
through scientific research that is accepted by most of
the audience.”

“Consensus communication is risk communication to
inform and encourage groups to work together to reach
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a decision about how the risk will be managed prevented
or mitigated.”

“Crisis communication is risk communication in the
face of extreme, sudden danger such as the outbreak of
a deadly disease.” [22].

In the case of experiencing a serious pandemic, the
change of messaging takes place from support for pre-
cautions to communicating the crisis [23]. In such situ-
ation, helping organizations and agencies fulfill their
mission, maintain public trust, manage limited re-
sources, and limit harm and disruption is critical [6].

Development of research hypotheses

A discussion on the relevant previous studies resulting
in the formation of the hypotheses in this paper has
been provided in this section:

Risk communication and risk perceptions

Many studies have focused on the associations of RC
and RP [12, 17]; however, there are reports on RC influ-
ence over RP in recent research [13, 24, 25] . It is recom-
mended that RP is a prerequisite for protective
behaviors [12, 26—28]. A review of the literature reveals
that there is a decrease in articles published on a one-
way flow of RC as well as an increase in those concerned
with two-way communications [29]; hence, RC seems to
have dynamism as well as interactivity encompassing ne-
gotiations among various groups of key players and au-
diences [16].

If public understanding of risk is overestimated, then
individuals may be thrust into situations, for the man-
agement of which they are ill-prepared. If their under-
standing is underestimated, then they may be
disenfranchised from decisions, which could and should
be made. Such misperceptions of RP may cost an arm
and a leg in a long term and be expanded based on indi-
vidual decisions [30]. Risk information affects individuals
in complex and unpredictable ways, and the theoretical
RC models are prolific across many disciplines [16]. For
example, RP among the public highly depends on the
way of framing the messages, the communicator of the
messages, and the manner of their communication [31].
On the other hand, cross-cultural differences may pose
systematic differences in RP [32], and it is RP, not a real
risk, which determines the manner according to which
people react to hazardous situations [31]. Consequently,
at the beginning stage of a disease outbreak, at an indi-
vidual level, people tend to rely on news media as a
source of RC in order to assess risk; thus, the media
affect how they construct their initial perception of the
disease [33].

In this regard, this occurs in the presence of trust, as
trust in institutions such as the government or media
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organizations helps reducing the complexity of and un-
certainty about a particular issue [33, 34].

According to the literature, RP poses significant chal-
lenges to RC efforts [16]. Understanding how individuals
perceive risks is an important factor contributing to suc-
cessful RC [25]. Obviously, faulty RP may impede com-
munications as  individuals = might experience
misunderstandings or misinterpretations of empirical or
probabilistic information [31]. On the other hand, high
RP and extreme anxiety in the community may have ef-
fects on RC [16]. Accordingly, the scope of the research
should be broadened beyond the current focus on the
one-way relationship between RC and RP in the context
of emergency and outbreak situations, and the disre-
garded two-way relationship should be further explored
[16, 17]. A more comprehensive approach was adopted
in the current paper in order to detect the relationship
between RC and RP so that the following hypotheses
were proposed:

H1. RC has significant and positive correlations with
RP.

H2. RP has significant and positive correlations with
RC.

Risk communication and protective/preventive behaviors
Individuals need information to make informed deci-
sions and behave in ways that will best help them avoid
risks and uncertainty [34, 35]. Nowadays, many RC ac-
tivities are to change behavior or attitudes [27, 36, 37].
At the same time, RC can take place in a disengaged
one-way manner as well as in a more engaged two-way
manner [25].

Based on Sandman (2003) category, the risk communi-
cation in a serious pandemic is crisis communication. It
is possible to regard risk communication as a means of
increasing awareness, improving the knowledge or chan-
ging the behaviors as well as attitudes of engaged stake-
holders, including those who have has exposure,
specialists and managers, those making decisions, the
public population, and media, even though it has differ-
ent objectives. When a crisis is experienced, communi-
cation considerably contributes to minimization of the
damages and saving lives since it affects the measures
taken by all individuals involved. Accordingly, it is hy-
pothesized that:

H3. RC has significant and positive correlation with
protective/preventive behaviors.

Risk communication, risk perceptions, and protective/
preventive behaviors

According to the theory of the HBM, the risk perception
was suggested to be positively associated with intention
to preventive/protective behavior [38]. In the field of
health communication, high levels of RP make
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individuals be more engaged in health-protective behav-
joral intentions to avoid risk [13, 39]. RC semantically
may have real behavioral consequences [40]. The risk
communication over time leads to increase risk percep-
tion. In this way, provision of risk information can be
significantly beneficial in changing risk perceptions with
subsequent alteration of the impacts of risk perceptions
on risk behaviors [41].

Previous studies confirm implications of risk commu-
nication practice to change of behavior, and the relation-
ship between RP and following recommended behavior
is also confirmed. For instance, Schmilzle (2017)
claimed that RC may be expanded to increase RP to pro-
mote behavior [12]; thus, beyond the direct relationship
between RC and RP, this study was also to examine the
significance of the mediatory function of RP in the asso-
ciations of the aforementioned variables and the
dependent variable. Consequently, based on hypotheses
4 & 5, RP shows direct relationships with the protective/
preventive behaviors, and can also mediate the associ-
ation of RC and protective/preventive behaviors.

Accordingly, it is hypothesized that:

H4. RP has significant and positive correlations with
protective/preventive behaviors.

H5. RP mediates the relationship between RC and
protective/preventive behaviors.

Methods

In this section, the research model is first described, and
then there is a discussion about the measures adopted in
the survey instruments and their validations. Finally, the
sampling methods are explained along with the statis-
tical approaches of the study.

Research model

Given the recent public health emergency, that is
COVID-19, the community’s engagement for health pro-
tective and preventive behaviors is critical to disconnect
the transmission chain. Considering the abovementioned
arguments on the relationships among RC, RP, and pro-
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applied in the present paper for the examination of re-
search hypotheses has been represented in Fig. 1.

Instruments and measures

A cross-sectional survey was employed to collect data,
obtain higher external validity, and make the findings
more generalizable. RC, RP, and protective/preventive
behaviors were also measured using the Likert’s scale.
According to the relevant literature, four components of
RC, namely news media exposure (2 items), information
gathering ability (3 items), trust in the government (3
items), and trust in news media (3 items) were included
in the survey. To measure RP and intention to protect-
ive/preventive behaviors, relevant items were developed
using both the literature and experts’ opinions. The final
questionnaire encompassed 22 items (11 RC factors, 4
RP factors, and 7 behavioral components). Moreover,
some questions were aimed at gathering the respon-
dents’ demographics while one more question addressed
the main information gathering channels. In addition,
one more question addressed the main information
gathering channels. A blank copy of the questionnaire
provides as the supplementary file 1.

Risk communication

The RC in this study includes four components. (1)
News media exposure: the study measured two groups
of news media exposure, namely traditional mass media
and Internet, which were evaluated with the use of a 4-
point scale at a range of 1 (very often) to 4 (never)
through identifying the frequency of the respondents’
exposure to news and information on COVID-19 in the
mass media and Internet over the previous month (re-
versely coded). These items were adapted and modified
based on the literature as well [15, 33, 34, 42]. (2)
Information-gathering ability: three times whose scoring
had been performed through a 5-point Likert scale
which ranged from 1 (complete agreement) to 5
(complete disagreement) were used to measure informa-
tion gathering ability. Accordingly, the participants were
supposed to indicate their levels of agreement with these

tective/preventive behaviors, the conceptual model statements: (1) Receiving information about COVID-19
+Ha
e : 1
1
i icati tH : +H Protective or preventive
Risk communication -——'_ﬁ Risk perception H 3 p
o . 1 behavior
B

+Ha I\ %

Hs
Fig. 1 Research model and summary of the research hypotheses
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is hard for me (reversely coded); (2) I don’t know where
to find information about COVID-19 (reversely coded);
and (3) Even if I had access to information, it is hard for
me to understand”. These items were adapted and modi-
fied based on the literature [18, 43]. (3) Trust in the
Government: trust in the government was also measured
using items whose scoring had been performed accord-
ing to a 5-point Likert scale which ranged from 1
(complete agreement) to 5 (complete disagreement)
through requiring the respondents to show their levels
of agreement with these three statements: (1) I am
confident that the government protects the citizens from
the COVID-19 infection (reversely coded); (2) The gov-
ernment spare their best efforts to minimize COVID-19
infection (reversely coded); and (3) I trust in the cooper-
ation and coordination of relevant authorities in the
country (reversely coded). These items were adapted and
modified based on the literature [13, 44]. (4) Trust in
news media: trust in news media was evaluated using a
5-point Likert scale at a range of 1 (complete agreement)
to 5 (complete disagreement) through identifying the de-
gree of the respondents’ agreement with the three state-
ments as follows: (1) News media provide accurate
information about COVID-19 (reversely coded); (2)
News media provide sufficient information about
COVID-19 (reversely coded); and (3) I trust in news
stories reported by news media about COVID-19 (re-
versely coded). These items were adapted and modified
based on the literature [15, 33, 42].

Risk perception

Measurement of RP was carried out employing a 5-point
Likert scale which ranged from 1 (complete agreement)
to 5 (complete disagreement) through asking how much
the respondents agreed with four risk statements directly
related to COVID-19: (1) COVID-19 can be serious (re-
versely coded); (2) I think my family and I are at risk of
COVID-19 (reversely coded); (3) Iran is likely to be af-
fected by COVID-19 (reversely coded); and (4) I trust in
the usefulness of preventive measures (reversely coded).”
Similarly, these items were adapted and modified based
on the literature [43, 45].

Preventive/protective behaviors

Measurement of individuals’ intention to be engaged in
protective activities was carried out with the use of a 4-
point Likert scale at a range of 1 (never) to 4 (very
often), according to which the respondents were asked
how they exhibit protective behaviors such as physical
distancing, mask-wearing, good hand hygiene practices,
etc. [46] through three questions. In addition, the pre-
ventive activities were also assessed with the use of a 5-
point Likert scale which ranged from 1 (definitely not)
to 5 (definitely), according to which the respondents had
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to identify the likelihood of their engagement in deter-
mined social and economic activities in the two next
month through four questions: (1) socializing with others,
(2) going shopping, (3) visiting entertainment venues, and
(4) going sightseeing or travel. These items were adapted
and modified based on the literature [13, 43].

Questionnaire validation

The first draft of the questionnaire was submitted to five
academic experts, who had expertise in the research
area. Over the meetings with the experts, the validity of
the questionnaires, consisting of transparency, compre-
hensiveness, and the correlation of the items, were eval-
uated. Once some questions were modified regarding
their transparency and content, the final questionnaire
was provided with 3 main dimensions together with 23
questions in the following stage.

Sampling and data collection

The current study has focused on Iranians general popu-
lation as the primary study population. The data for the
study were derived from a nationally representative on-
line panel survey of Iranian adults aged 15years and
above. The data were collected on March 15-19, 2020.
From this online panel, a random sample was asked to
participate in the survey, and 3213 persons took part in
the survey, indicating a completion rate of 65%. The
demographic profile of the survey respondents is pre-
sented in Table 1.

Statistical approach

Confirmatory factor analysis (CFA) was performed to-
gether with a causal path analysis using structural equa-
tion modeling (SEM). To this end, after checking the
normality of data distribution, the two models were
tested using SEM: measurement model as well as the
structural equation model. The dependence of latent
variables upon or their being influenced by the observed
variables can be determined through the measurement
model which takes the measurement features of reliabil-
ity and validity of the observed variables into account.
Meanwhile, the structural equation model permits for
testing the causal associations of the latent variables, il-
lustrates direct and indirect causal effects, and defines
the justified and unjustified variance [47].

In this study, application of AMOS software version
24.0 aimed at estimating and testing the proposed model
and determined the causal associations. Furthermore,
the model makes it possible to test the linear associa-
tions of the latent (unobserved) constructs and manifest
(observed) ones. A distinguished feature of this model is
its capability of making the parameter estimations avail-
able for the associations of the un-observed variables. Fi-
nally, SEM provides a path analysis which makes
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Table 1 Demographic profile of the survey respondents

Title Description Number of Percent
respondents
Age (years) <30 607 189
31-40 1262 394
41-50 816 255
51-60 399 124
> 60 121 3.8
Gender Male 1591 495
Female 1620 50.5
Marital status Single 820 255
Married 2391 74.5
Number of child 0 393 165
1-2 1565 65.5
3-4 385 16.1
>4 46 19
Expenditure It's lower 1101 344
Ratio it's balance 2103 656
[t's more 0 0
Education < Diploma 255 79
Diploma 543 169
Associate degree 261 8.1
Bachelor's 1081 336
degree
Master's degree 675 210
Doctoral degree 393 12.2

parameter estimations of the direct as well as indirect as-
sociations of the observed variables possible.

Results

This section indicates the results for the reliability of the
proposed measurement model, testing of hypotheses,
and the analyses of mediatory effects. The results show
that, 73% of Iranian people follow COVID-19 news by
national mass media and social networks.

Assessment of the measurement model reliability and
validity

Composite reliability (CR), as an acceptable approach
proposed by Werts et al. [48], was calculated for examin-
ation of the instrument reliability and its internal
consistency. All the CR values were >0.7. In addition,
confirmatory factor analysis (First-order) aimed at test-
ing the reliability as well as convergent validity of the
three constructs. Convergent validity can be determined
with regard to the factor loadings’ significance. The con-
structs met this prerequisite, and the factor loadings
were >0.5. The values of average variance extracted
(AVE) between the construct and measures were > 0.50,
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implying an acceptable convergent validity. In addition,
Fornell and Larcker’s [49] procedure was employed for
the assessment of discriminant validity. Consequently,
AVE for every construct was higher compared to the
squared correlation of the construct and each of other
constructs, confirming the discriminant validity of the
instrument. Table 2 exhibits the details of factor load-
ings, critical ratios (t-value), AVE, as well as CR.

Figure 2 indicates the parameter estimations for the
structural model employed in the current paper. The re-
sults of structural estimation model are represented for
the validation and analysis of the research model. The re-
sults of goodness-of-fit for the statistical model describe
its fitness into a series of observations, whose indices pro-
vide a summary of the discrepancies among the observed
values and those predicted by the statistical model.

The indicators of absolute fit, comparative fit, as well
as parsimonious fit have been presented to validate the
overall fit of the model. Table 3 shows the model’s fit
values in this study along with the evidence indicating
that the values are within an acceptable range with re-
gard to the guidelines and the suggested threshold.

As presented in Table 3, all the fit indicators satisfied
the acceptable range recommended in the relevant stud-
ies [50, 51].

Hypothesis testing results

The analysis results for the causal associations of the three
main constructs are represented in Table 4. RC has direct
as well as indirect impacts on RP (3= 0.45 & f3 =0.28, re-
spectively), RP directly and indirectly influences RC (8=
0.49 &f3 =0.27, respectively), and RP has a direct effect on
protective/preventive behaviors (3= 0.63). Moreover, RC
and protective/preventive behaviors are positively related
(8= 0.51), and RC has also an effect on protective/prevent-
ive behaviors via RP. As shown, all the relationships are
statistically significant. These results indicate that risk
communication promotes risk perception, and subse-
quently the appropriate perception of risk improves risk
communication. These results support the mutual rela-
tionship between RC and RP (H; and H,). The correlation
between RP and protective/preventive behaviors supports
the direct correlation of RP and protective/preventive be-
haviors (Hs). Eventually, path analysis was used to exam-
ine the Overall impacts of RC on RP and protective/
preventive behaviors. As presented in Table 4, the impact
of RC as an exogenous variable on protective/preventive
behaviors is statistically significant with regard to Hy, and
the stability index is 0.334 for RC and RP.

Mediatory effects

According to what was mentioned above, the direct and
indirect effects of RC on protective/preventive behaviors
were examined using two different approaches. In this
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Table 2 Factor analysis results
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Dimensions Ref Number of  Factor Error Critical AVE Composite
items loading variances Ratio reliability
Risk Communication ~ News media exposure Modified from 15, 2 0.68 0.54 - 0.51 0.73
333442 0.56 0.70 8403
Information-gathering Modified from 18, 3 0.51 0.74 - 0.58 0.79
ability “ 082 033 8281
0.86 0.26 7.989
Trust in the government Modified from 13, 3 0.77 041 - 0.64 0.85
a4 0.87 0.24 19430
0.88 023 17.174
Trust in news media Modified from 15, 3 0.84 0.29 - 0.68 0.88
3342 0.83 0.31 17.706
0.85 0.28 18424
Risk Perception Perceived severity Modified from 43, 4 0.82 033 - 0.69 0.90
Perceived susceptibility/ 45 0.88 0.23 17.903
person & family
Perceived susceptibility/ 0.84 0.29 16.519
country
Perceived benefits 0.89 0.21 17.052
Preventive/Protective  Mask-wearing Modified from 13, 7 0.81 0.34 - 0.62 0.88
Behaviors Social distancing s 083 0.31 18.851
Good hand hygiene 0.87 0.24 17.769
practices
Going sightseeing or travel 0.87 0.24 17.756
Socializing with others 0.71 0.50 13.657
Going shopping 067 0.55 12.667
Visiting entertainment 0.77 041 15.026

venues

respect, the results of the study indicate significant and
positive contribution of RC to RP (direct effect = 0.45, p
<0.001). Furthermore, RP has positive effects on pro-
tective/preventive behaviors (direct effect = 0.63, p <
0.0001), and RC significantly contributes to protective/
preventive behaviors (direct effect = 0.51, p <0.0001).
The indirect effect of RC on protective/preventive be-
haviors with regard to the mediating role of RP in-
creased by 0.84. Consequently, according to Baron and

Kenny [52], RP plays a mediating role in the relationship
between RC and protective/preventive behaviors. This
finding supports Hs. The Table 5 shows the mediating
impact of RP on the association between RC and Pro-
tective/preventive behaviors (H5).

Discussion
Risk communication plays a critical role in an effective
communication and supports public needs under

News exposure

Trust in news media

Fig. 2 Structural equation modeling parameters

Information gathering
ability
Risk
X communication
Trust in the
government

Risk perception

Protective/ preventive
behaviors
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Table 3 Goodness of fit measures

Page 8 of 11

Type of measure Goodness of fit measures  Definitions Desired range  Model result  Results
Absolute fit indices X2 Chi Square > 0.05 0.072 Compliant
GFI Goodness of Fit Index >09 0.988 Compliant
AGFI Adjusted goodness of fit index >09 0938 Compliant
RMR Root Mean square Residual Near to zero 0013 Compliant
Comparative fit indices ~ NNFI Non-Normed Fit Index >09 0.989 Compliant
NFI Normed Fit Index >09 0.989 Compliant
CFI Comparative Fit Index >09 0.981 Compliant
IFI Incremental Fit Index >09 0.981 Compliant
Parsimonious fit indices ~ PRATIO Parsimony ratio >05 0612 Compliant
PNFI Parsimony Normed Fit Index >05 0.641 Compliant
RMSEA Root Mean Square Error of Approximation < 0.08 0.034 Compliant
Normed X? Chi Square/ degrees of freedom 2-3 2373 Compliant

stressful situations [25]. This study contributes to our
knowledge of how the risk communication affects pro-
tective and preventive behaviors during the global epi-
demic of the COVID-19. The findings of this study
provide a comprehensive understanding of how people
shape their perceptions of risk with regard to risk com-
munication that leads to behavioral intentions in public
health risk situations. The findings show that risk com-
munication both determines and influences a thorough
understanding of risk perceptions, and this is an issue ig-
nored in previous studies. Besides, the mediatory contri-
bution of risk perception in the association of risk
communication and protecting/preventing behaviors is
confirmed in the present study.

In all major global public health events in this new
millennium, including outspread of severe acute respira-
tory syndrome (SARS), Middle East respiratory syn-
drome (MERS), influenza A(H1N1), as well as Ebola, RC
and community engagement were integral to the success
because RC determines which hazards people care about
and how they deal with them [11].

The positive effect of risk perception on protective be-
havior has been approved in previous studies on
COVID-19 [43, 53-55] and other infectious diseases [12,
24, 56]. For example, the reactions against the A/HIN1
virus outspread in 2009 show the considerable import-
ance of individuals’ perceptions of risk in achieving

Table 4 SEM results for hypothesis testing

Hypothesis Path coefficient C.R. (t-value) Result

H; RC>>>RP 0.45 13.32%* Supported
H, RP>>>RC 049 13.75% Supported
Hs  RP >>> Behaviors 0.63 11.47%%% Supported
H;, RC >>> Behaviors 0.1 14.23%%* Supported

*Denotes p < 0.05. ** Denotes p < 0.01. *** Denotes p < 0.001

positive results from public health intervention programs
[24]. As Weinstein mentioned, exact perceptions of risk
can allow people for making proper decisions regarding
the actions which help prevent illnesses or injuries [57].

Risk communication need to be concentrated mainly
on communication of risk-mitigation alternatives consid-
ered as useful by the target audience [26], identifying
group-specific demands would be beneficial to render
proper information to meet each population group’s
needs [58]. Thus, the mutual relationship between risk
communication and the status of risk perceived by com-
munity members is of great importance. This was
exactly addressed in this study, i.e. the reciprocal rela-
tionship between RC and RP. In this regard, intensive
media coverage about COVID-19 would contribute to
amplifying COVID-19 risks and increasing the public’s
risk perception to enhance the capacity of those people
in rapidly responding to the COVID-19 epidemic [59].
From this perspective, the greater exposure to news
about the COVID-19 outbreak is expected to increase
the public RP.

Previous research provides evidence to assume that so-
cial media help individuals during risks and crises [60].
For instance, Dijl et al. showed that social media in-
creased information sufficiency and decreased insecurity
of what was happening. Accordingly, these positive ef-
fects on “knowing what is going on” could cause more
awareness about what might be an appropriate measure
to be adopted [61]. Accordingly, it seems inherently
plausible that people need not only to be aware of an
the existing health risks but also to feel themselves at
risk in order to adopt protective measures [24].

Information-gathering capability would be particularly
important during the COVID-19 outbreak because the
disease is unfamiliar, generating excessive public con-
cerns and uncertainty. An individual’s information-
gathering ability can promote his/her confidence in



Heydari et al. BMC Public Health (2021) 21:54

Table 5 Effects of RC on RP and Protective/preventive behaviors

Page 9 of 11

Hypothesis Direct effect Indirect effect
Path coefficient t-value P Path coefficient t-value P

RC >>> RP 0492 6.396 e

RP >>> RC 0448 5436 o

RC >>> RP >>> RC 0.276 4115 e
RP >>> RC >>> RP 0.269 4.078 Hxx
RP >>> Behaviors 0633 8.647 *x%

RC >>> Behaviors 0.508 7.128 o

RC >>> RP >>> Behaviors 0.328 5.221 o

***Denotes p < 0.0001

processing risk-related information more systematically
[14, 15, 35, 44]. Previous studies on the risk communica-
tion have regarded self-efficacy primarily as the individ-
uals’ sense of their own abilities to address the media
and the information related to the risks [18]. Informa-
tion searching is essential to achieve the determined
consequences, particularly when active non-routine in-
formation is collected through various information chan-
nels [18].

In the case of widespread societal public health issues
such as the COVID-19 outbreak, about which individ-
uals have no firsthand experience, they tend to trust in
social media and institutions [62]. This trust might exert
a significant influence on the public RP [14]. In other
words, individuals with higher levels of confidence in
government face higher possibilities to perceive that the
government has sufficient ability and knowledge to deal
with the crisis. Thus, the higher levels of trust in the
government can significantly lead to the implementation
of the proposed instructions and requirements. In this
regard, You and Ju (2015) mention that media are the
initial information resources for the public in a health
issue [63]. Similarly, trust in news media can also influ-
ence the public RP. When people trust in the risk infor-
mation published by the media, their uncertainty toward
the risk decreases [13]. Trust enables individuals to
judge the risk in the absence of complete knowledge or
understanding [62]. Low efficacious messages would not
meet individuals’ needs in the crisis and makes them
turn elsewhere [28].

According to the protective motivation theory [64], RP
can motivate behavior since individuals activate protec-
tion motivation to prevent negative outcomes when they
perceive risks. In a risky environment, such individuals
are more likely to take actions to reduce the threat or
avoid the danger. For example, when an infectious dis-
ease outbreak occurs, they exhibit physical distancing
behavior. That is, they decrease their social contacts to
protect their health and are reluctant to engage in social
or economic activities such as socializing with friends,
sightseeing, and shopping, as observed in the South

Korean during MERS outbreak [13]. In the previous
studies on disastrous events and emergencies, the deter-
mining factors of RP and behavior are message features
and their processing by the receivers [31]. As it is found,
if the risk communication fails to convey the severity of
a risk correctly, it will be less likely to influence the ap-
propriate behaviors. This means that we need to use the
fresh knowledge of risk communication research in
order to develop an appropriate risk perception among
individuals in the time of emergency.

On the other hand, if we consider risk perception as
an emotional response, according to Slovic (2006), indi-
viduals show higher likelihood to carry out adaptive be-
haviors in the case of stronger emotions, at presence of
some perceived social pressure, and with higher quality
of the warning messages. This finding supports the sig-
nificance of affective reactions as stimulators of behavior
[65]. Although cognitive factors such as the evaluated
quality of the message are clearly essential for a behav-
ior, Gutteling et al. noted that emotions and social envir-
onment are the primary predicting factors for the actual
performance of the required behavior [27]. When a
warning message is received, the higher the risk is per-
ceived, the higher will be the level of emotions, and
more perceived expectations from individual’s social cir-
cumstances are supposed to bring about higher avoid-
ance probabilities. Further avoidance behaviors and
higher frequency of emotions as well as perceived risk
appear to be consistent with previous studies [27].

The present work had some limitations which are worth
mentioning. First, although the research employed nation-
ally representative survey data to study the impact of risk
communication on the preventive and protective actions
in COVID-19 outbreak, the findings of this study cannot
be generalized to the whole country. Furthermore, only
correlations but not the causal relationships were explored
due to the cross-sectional design of this study.

Conclusion
The findings of the study have primarily indicated that
risk communication cannot be regarded as a passive and
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one-way procedure any more, and that it has a direct re-
lationship with risk perception. Therefore, there needs
to be a consensus on an active reciprocal approach, in
which appropriate behaviors are strengthened and devel-
oped, and people perceive individual responsibility to
take preventive and protective actions. Risk communica-
tion focusing on the promotion of self-protectiveness
can be influential if there are correct risk perception
conditions. An effective risk communication campaign
has to focus on the effectiveness of risk-mitigation ac-
tions and ensure that this communication is perceived
actively. Thus, risk communication should be carefully
established and planned across the lines of behavioral
actions, which are considered efficient and reliable by a
considerable number of individuals in the target
audience.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-020-10125-5.

[ Additional file 1 The questionnaire: A blank copy of the questionnaire. ]

Abbreviations

AVE: Average Variance Extracted; CFA: Confirmatory Factor Analysis; COVID-
19: The new coronavirus; CR: Composite reliability; HBM: Health Belief Model;
H1N1: Influenza A; MERS: Middle East Respiratory Syndrome; PMT: Protective
Motivation Theory; PPB: Protective and Preventive Behaviors; RC: Risk
Communication; RP: Risk Perception; SARS: Severe Acute Respiratory
Syndrome; SEM: Structural Equation Modeling; TPB: Theory of Planned
Behavior

Acknowledgements
The present study was supported by a grant from the Vice-chancellor for Re-
search, Shiraz University of Medical Sciences, Shiraz, Iran.

Authors’ contributions

LZ, STH, and NM participated in the conception and design of the study.
Both AS and MA had contributed to the acquired data and performed data
analysis. LZ, STH and AS were drafted the manuscript. GHM, LZ, and KBL had
revised the manuscript critically for important intellectual content. All authors
read and approved the final manuscript.

Funding

The research grant provided by Vice-chancellor for Research of Shiraz Univer-
sity of Medical Sciences (No. 98-01-106-22072). Funding body of the study
did not play any role in the design of the study, collection, analysis, and in-
terpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

Written informed consent was obtained from all the participants. The
protocol for this study was approved by the ethics committee of Shiraz
University of Medical Sciences (IRSUMS.REC.1398.1423). A comprehensive
description about the study was introduced to the participants; they were
allowed to reject answering or withdrawing at any time thereafter. The
participants were assured that their answers would be kept confidential and
that their names would not be disclosed during the study and in the final
report.

Page 10 of 11

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Health Policy Research Center, Institute of Health, Shiraz University of
Medical Sciences, Shiraz, Iran. “Department of Social Sciences, Yazd
University, Yazd, Iran. Health Management and Economics Research Center,
Iran University of Medical Sciences, Tehran, Iran. “Department of
Pharmacoeconomics and Pharma management, Shahid Beheshti University
of Medical Sciences, Tehran, Iran.

Received: 28 July 2020 Accepted: 23 December 2020
Published online: 06 January 2021

References

1. Emanuel EJ, Persad G, Upshur R, Thome B, Parker M, Glickman A, et al. Fair
Allocation of Scarce Medical Resources in the Time of Covid-19. new engl J
Med Sound. 2020;May 21:2049-55.

2. Sohrabi C, Alsafi Z, Neill NO, Khan M, Kerwan A, Al-Jabirc A, et al. World
Health Organization declares global emergency: A review of the 2019 novel
coronavirus (COVID-19). Int J Surg J. 2020;76 January:71-6.

3. Atar S, Atar . The socio-economic implications of the coronavirus and
COVID-19 pandemic: a review. Int J Surg. 2020.

4. Lai C Shih T, Ko W, Tang H, Hsueh P. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-19): The
epidemic and the challenges. Int J Antimicrob Agents. 2020;55 January:
105924.

5. Takian A, Raoofi A, Kazempour-ardebili S. COVID-19 battle during the
toughest sanctions against Iran. Lancet. 2019;2020:30668. https://doi.org/10.
1016/50140-6736(20)30668-1.

6. CDC. Crisis and Emergency Risk Communication in an Infectious Disease
Outbreak. 2014.

7. Rassouli M, Ashrafizadeh H, Shirinabadi Farahani A, Akbari ME. COVID-19
Management in Iran as One of the Most Affected Countries in the World:
Advantages and Weaknesses. Front Public Heal. 2020;8 September:2019-21.

8. Aljazeera. Iran extends restrictions as COVID-19 death toll passes 50,000.
2020. https://www.aljazeera.com/news/2020/12/5/iran-extends-restrictions-
as-covid-19-deaths-surpass-50000.

9. Worldometer. IRAN. 2020. https://www.worldometers.info/coronavirus/
country/iran/.

10. Assari S, Habibzadeh P. The COVID-19 Emergency Response Should Include
a Mental Health Component. Acad Med Sci IR Iran. 2020;23:281-2. doi:
https:.//doi.org/10.34172/aim.2020.12.

11. World Health Organization. Risk communication and community
engagement ( RCCE ) readiness and response to the 2019 novel. 2020;
January:1-7. https//www.who.int/publications-detail/risk-communication-
and-community-engagement-readiness-and-initial-response-for-novel-
coronaviruses-(—ncov).

12. Schmélzle R, Renner B, Schupp HT. Health risk perception and risk
communication. Policy Insights from Behav Brain Sci. 2017;4:163-9.

13. Choi D, Park K. Exploring risk perception and intention to engage in social
and economic activities during the south Korean MERS outbreak. Int J
Commun. 2018;12:21.

14.  Oh S-H, Paek H-J, Hove T. Cognitive and emotional dimensions of perceived
risk characteristics, genre-specific media effects, and risk perceptions: the
case of HIN1 influenza in South Korea. Asian J Commun. 2015;25:14-32.

15. Lin CA, Lagoe C. Effects of news media and interpersonal interactions on
HINT risk perception and vaccination intent. Commun Res Reports. 2013;30:
127-36.

16.  Infanti JJ, Sixsmith J, Barry MM, NUfez-Cérdoba JMCO-O, Guillén-Grima F.
Effective risk communication for the prevention and control of
communicable diseases in Europe. Eur Cent Dis Prev Control. 2013; 10.2900/
64747:1-16.

17. Khorasani EC, Mohammad V-S. Risk perception, public health and risk
communication. J Heal Lit. 2018;3:77-81.

18. Théroude V, Zylbersztejn A. Cooperation in a risky world. J Public Econ
Theory. 2019;1-20.


https://doi.org/10.1186/s12889-020-10125-5
https://doi.org/10.1186/s12889-020-10125-5
https://doi.org/10.1016/S0140-6736(20)30668-1
https://doi.org/10.1016/S0140-6736(20)30668-1
https://www.aljazeera.com/news/2020/12/5/iran-extends-restrictions-as-covid-19-deaths-surpass-50000
https://www.aljazeera.com/news/2020/12/5/iran-extends-restrictions-as-covid-19-deaths-surpass-50000
https://www.worldometers.info/coronavirus/country/iran/
https://www.worldometers.info/coronavirus/country/iran/
https://doi.org/10.34172/aim.2020.12
https://www.who.int/publications-detail/risk-communication-and-community-engagement-readiness-and-initial-response-for-novel-coronaviruses-
https://www.who.int/publications-detail/risk-communication-and-community-engagement-readiness-and-initial-response-for-novel-coronaviruses-
https://www.who.int/publications-detail/risk-communication-and-community-engagement-readiness-and-initial-response-for-novel-coronaviruses-

Heydari et al. BMC Public Health

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

(2021) 21:54

Glanz K, Rimer BK, Viswanath K. Chapter Three: The Health Belief Model. In:
Health Behavior and Health Education: Theory, Research, and practice. 2008.
Bish A, Michie S. Demographic and attitudinal determinants of protective
behaviours during a pandemic: a review. Br J Health Psychol. 2010;15:797-
824.

Blanchard-Boehm R. Understanding public response to increased risk from
natural hazards: application of the hazards risk communication framework.
Int J Mass Emerg Disasters. 1998;16:247-78.

Lundgren, E. R, McMakin AH. Risk Communication: A Handbook for
Communicating Environmental, Safety, and Health Risks:6th Edition. 2018.
Peter M. Sandman. Four kinds of risk communication. April 11. 2003.
Renner B, Gamp M, Schmadlzle R, T. Schupp H. Health Risk Perception. In:
International Encyclopedia of the Social & Behavioral Sciences (Second
Edition). 2015. p. 702-9.

Ann Enader, Jan Gutteling CK. Chapter 4: Communicating Disaster Risk. In:
Public perception of risk. 2017. p. 393-440.

Kievik M, Misana-Ter Huurne EFJ, Gutteling JM, Giebels E. Making it stick:
exploring the effects of information and behavioral training on self-
protectiveness of citizens in a real-life safety setting. Saf Sci. October 2016;
2018(101):1-10. https://doi.org/10.1016/j.55¢i.2017.08.007.

Gutteling JM, Terpstra T, Kerstholt JH. Citizens" adaptive or avoiding
behavioral response to an emergency message on their mobile phone. J
Risk Res. 2018;21:1579-91. https://doi.org/10.1080/13669877.2017.1351477.
Verroen S, Gutteling JM, De Vries PW. Enhancing self-protective behavior:

efficacy beliefs and peer feedback in risk communication. Risk Anal. 2013;33:

1252-64.

Gurabardhi Z, Gutteling JM, Kuttschreuter M. An empirical analysis of
communication flow, strategy and stakeholders’ participation in the risk
communication literature 1988-2000. J Risk Res. 2005,8:499-511.

Bostrom A, Quadrell MJ. Enterpreneurship, risk perception and firm
performance. USE Discuss Pap Ser. 2012;17-04 May:183-203. doi:https://doi.
org/10.1146/annurev.pu.14.050193.001151.

Glik DC. Risk communication for public health emergencies. Annu Rev
Public Health. 2007;28:33-54.

Bontempo RN, Bottom WP. Weberp EU. Cross-Cultural Differences in Risk
Perception : A Model- Based Approach. 1997;17.

Shih TJ, Wijaya R, Brossard D. Media coverage of public health epidemics:
linking framing and issue attention cycle toward an integrated theory of
print news coverage of epidemics. Mass Commun Soc. 2008;11:141-60.
Fung TK, Namkoong K, Brossard D. Media, social proximity, and risk: a
comparative analysis of newspaper coverage of avian flu in Hong Kong and
in the United States. J Health Commun. 2011;16:389-907.

Chang C. News coverage of health-related issues and its impacts on
perceptions: Taiwan as an example. Health Commun. 2012,27:111-23.

Mao L, Yang Y. Coupling infectious diseases, human preventive behavior,
and networks - a conceptual framework for epidemic modeling. Soc Sci
Med. 2012;74:167-75.

Lee, S.Y, Yang, H. J, Kim, G, Cheong, H. K, & Choi BY. Preventive behaviors
by the level of perceived infection sensitivity during the Korea outbreak of
Middle East respiratory syndrome in 2015. Epidemiol Health. 2016;38.

Miao YHJ. Prevalence and associated psychosocial factors of increased hand
hygiene practice during the influenza a/HT1N1 pandemic: findings and
prevention implications from a national survey in Taiwan. Trop Med Int
Heal. 2012,17:604-12.

Shim M, You M. Cognitive and affective risk perceptions toward food safety:

mediating the relation between news use and food consumption intention.

Asian J Commun. 2015;25:48-64.

Young S, Oppenheimer DM. Effect of communication strategy on personal
risk perception and treatment adherence intentions. Psychol Heal Med.
2009;14:430-42.

Gerrard M, Gibbons FX, Reis-bergan M. The effect of risk communication on
risk perceptions : the significance of individual differences. JNCI Monogr.
1999,50011.

Choi DH, Yoo W, Noh GY, Park K. The impact of social media on risk
perceptions during the MERS outbreak in South Korea. Comput Human
Behav. 2017,72:422-31.

Park T, Ju I, Ohs JE, Hinsley A. Optimistic bias and preventive behavioral
engagement in the context of COVID-19. Res Soc Adm Pharm. 2020; June.
doihttps://doi.org/10.1016/j.sapharm.2020.06.004.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

Page 11 of 11

Cyril S, Smith BJ, Possamai-Inesedy A, Renzaho AMN. Exploring the role of
community engagement in improving the health of disadvantaged
populations: a systematic review. Glob Health Action. 2015,8:1-12.
Municipal Public Health Service Rotterdam-Rijnmond (GGD). Standard
questionnaire on risk perception of an infectious disease outbreak. 2015.
http://ecomeu.info/wp-content/uploads/2015/11/Standard-questionnaire-
risk-perception-ECOM-november-2015.pdf.

World Health Organization. Responding to community spread of COVID-19.
2020; March:1-5.

Joreskog K, Sorbom D. LISREL 8: structural equation modeling with the SIMP
LIS command language. Chicago: Scientific Software International; 1996.
Werts CE, Linn RL, Joreskog KG. Interclass reliability estimates: testing
structural assumptions. Educ Psychol Meas. 1974;34:25-33.

Fornell, C. and Larcker D. Evaluating structural equations models with
unobservable variables and measurement error. J Mark Res. 1981;18 (Februa:
39-50.

Bollen K. Structural equations with latent variables. New York: John Wiley &
Sons; 2014.

Hair JF, et al. Multivariate data analysis. 7th ed. Pearson Education. Hay:
Upper Saddle River, NJ; 2009.

Baron RM, Kenny DA. The moderatore-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J
Pers Soc Psychol. 1686;51.

Tee ML, Tee CA, Joseph P. Anlacan , Katrina Joy G. Aligam , Patrick Wincy C.
Reyes , Vipat Kuruchittham RCH. Psychological impact of COVID-19
pandemic in the Philippines. J Affect Disord. 2020. doihttps://doi.org/10.
1016/}jad.2020.08.043.

Wang C, Pan R, Wan X, Tan Y, Xu L, Mcintyre RS. A longitudinal study on
the mental health of general population during the COVID-19 epidemic in
China. Brain Behav Immun. 2020;87 April:40-8. doi:https.//doi.org/10.1016/j.
bbi.2020.04.028.

Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, et al. Immediate Psychological
Responses and Associated Factors during the Initial Stage of the 2019
Coronavirus Disease ( COVID-19 ) Epidemic among the General Population
in China. Int J Environ Res Public Health 2020;17:1-25.

Rohrmann B. RO. Risk Perception Research. In: Renn O, Rohrmann B. (eds)
Cross-Cultural Risk Perception. Technology, Risk, and Society (An
International Series in Risk Analysis). Springer,. 2000.

Weinstein ND. Health risk appraisal and optimistic Bias. Int Encycl Soc Behav
Sci. 2001.

Le HT, Nguyen DN, Beydoun AS, Le XTT, Nguyen TT, Pham QT, et al.
Demand for health information on COVID-19 among Vietnamese. Int J
Environ Res Public Health. 2020;17:1-12.

Tran BX, Dang AK, Thai PK, Le HT. Coverage of health information by Di ff
erent sources in communities : implication for COVID-19 epidemic response.
Int J Environ Res Public Health. 2020;17:1-12.

Jurgens M, Helsloot I. The effect of social media on the dynamics of (self)
resilience during disasters: a literature review. J Contingencies Cris Manag.
2018;26:79-88.

van Dijl DEM, Zebel S, Gutteling JM. Integrating social media features into a
cell phone alert system for emergency situations. J Contingencies Cris
Manag. 2019;27:214-23.

Siegrist M, Cvetkovich G. Perception of hazards: the role of social trust and
knowledge. Risk Anal. 2000;20:713-20.

You M, Ju Y. The influence of outrage factors on journalists” gatekeeping of
health risks. Journal Mass Commun Q. 2015;92:959-69.

Rogers RW. A protection motivation theory of fear appeals and attitude
change. J Psychol. 1975,91:93-114.

Slovic P. Risk perception and affect. Curr Dir Psychol Sci. 2006;15:322-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.ssci.2017.08.007
https://doi.org/10.1080/13669877.2017.1351477
https://doi.org/10.1146/annurev.pu.14.050193.001151
https://doi.org/10.1146/annurev.pu.14.050193.001151
https://doi.org/10.1016/j.sapharm.2020.06.004
http://ecomeu.info/wp-content/uploads/2015/11/Standard-questionnaire-risk-perception-ECOM-november-2015.pdf
http://ecomeu.info/wp-content/uploads/2015/11/Standard-questionnaire-risk-perception-ECOM-november-2015.pdf
https://doi.org/10.1016/j.jad.2020.08.043
https://doi.org/10.1016/j.jad.2020.08.043
https://doi.org/10.1016/j.bbi.2020.04.028
https://doi.org/10.1016/j.bbi.2020.04.028

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Theoretical background
	Health belief model (HBM)
	Risk communication model

	Development of research hypotheses
	Risk communication and risk perceptions
	Risk communication and protective/preventive behaviors
	Risk communication, risk perceptions, and protective/preventive behaviors


	Methods
	Research model
	Instruments and measures
	Risk communication
	Risk perception
	Preventive/protective behaviors
	Questionnaire validation
	Sampling and data collection
	Statistical approach

	Results
	Assessment of the measurement model reliability and validity
	Hypothesis testing results
	Mediatory effects

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

